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Abstract 
Building Information Modelling (BIM) is evolving in the Construction Industry as a successor to CAD. 
CAD is mostly a technical tool that conforms to existing industry practices, however BIM has the 
capacity to revolutionise industry practice. Rather than producing representations of design intent, 
BIM produces an exact Virtual Prototype of any building that in an ideal situation is centrally stored 
and freely exchanged between the project team, facilitating collaboration and allowing 
experimentation in design. Exposing design students to this technology through their formal studies 
allows them to engage with cutting edge industry practices and to help shape the industry upon their 
graduation. Since this technology is relatively new to the construction industry, there are no accepted 
models for how to “teach” BIM effectively at university level. Developing learning models to enable 
students to make the most out of their learning with BIM presents significant challenges to those 
teaching in the field of design. To date there are also no studies of students experiences of using this 
technology. 
 
This research reports on the introduction of Building Information Modeling (BIM) software into a 
second year Bachelor of Design course. This software has the potential to change industry standards 
through its ability to revolutionise the work practices of those involved in large scale design projects. 
Students’ understandings and experiences of using the software in order to complete design projects 
as part of their assessment are reported here. In depth semi-structured interviews with 6 students 
revealed that students had views that ranged from novice to sophisticate about the software. They 
had variations in understanding of how the software could be used to complete course requirements, 
to assist with the design process and in the workplace. They had engaged in limited exploration of the 
collaborative potential of the software as a design tool. Their understanding of the significance of BIM 
for the workplace was also variable. The results indicate that students are beginning to develop an 
appreciation for how BIM could aid or constrain the work of designers, but that this appreciation is 
highly varied and likely to be dependent on the students’ previous experiences of working in a design 
studio environment. Their range of understandings of the significance of the technology is a reflection 
of their level of development as designers (they are “novice” designers). The results also indicate that 
there is a need for subjects in later years of the course that allow students to specialise in the area of 
digital design and to develop more sophisticated views of the role of technology in the design process. 
There is also a need to capitalise on the collaborative potential inherent in the software in order to 
realise its capability to streamline some aspects of the design process. As students become more 
sophisticated designers we should explore their understanding of the role of technology as a design 
tool in more depth in order to make recommendations for improvements to teaching and learning 
practice related to BIM and other digital design tools.   
Keywords – design education, learning, BIM, technology, collaborative learning 
1. INTRODUCTION 
 
This study will explore students learning during their study of a second year design subject. The 
subject forms part of a sequence of four subjects (a minor course of study) designed to provide 
students with skills in using digital technology as part of their design practice. We begin by providing a 
brief introduction to Building Information Modelling (BIM) and its emerging role in the construction 
industry. We then provide an overview of the conceptual thinking that has influenced our research. 
For example two contrasting models of the design process as either creatively oriented or product 
oriented are provided are provided to assist with interpretation of students’ views of the creative 
process and to investigate how they see BIM as contributing to design. A definition of collaborative 
learning and a view of collaboration as a structured activity limited by the task and the allocation of 
team members to projects is also provided. Such a model has implications for the ways in which 
students collaborate. The role of technology as an influence on students’ collaborations will also be 
analysed in this paper. 
 
1.1 Building Information Modelling (BIM) 
Building Information Modelling (BIM) is a revolutionary technology that has the capacity to improve 
the employability of students (and other practitioners) by assisting them to develop a set of skills in 
demand in industry. It has also been defined as “a collaborative tool used by any member of the built 
environment industry based upon a number of soft solutions. BIM incorporates all the building 
components (or objects), including their geometry, spatial relationships, properties and quantities, 
including all the services and equipment information for the full life cycle management of the building 
and even its demolition.”  
 
Its full potential to streamline the design and creation of projects as well as serving as a record of 
design decisions has not been well documented in the research literature. Nor has there been a 
focused research effort on its educational potential. The majority of scholarly articles on BIM have 
focused on its potential to become the pre-eminent tool of the future (Brown, 2009; Knight, 2008; 
Holness, 2008; Fortner, 2008), on the need for better standards in information modelling to capitalise 
on interoperability (Beetz, van Leeuwen and de Vries 2008; Borowicz, 2008; Kraus, 2008; Lyon, 2006; 
Wilkins and Kiviniemi, 2008). The remaining articles focus on the current limitations of BIM as an aid 
to interdisciplinary ways of working (Holness, 2006; McCuen, 2008) to the difficulties of using BIM to 
estimate costs (Kraus, Watt, Larsen, 2007) or its potential contribution to paperless ways of working 
and use in litigation (Lesser and Bacon, 2007). The majority of these articles are however opinion 
pieces and do not constitute empirical research into the use of BIM either in professional practice or 
education. 
 
An exception is Nielsen, Fleming and Kumarasuriyar, (2009). This study reported survey results 
concerning students’ use of BIM as part of their educational experience. In part this lack of research 
into the educational uses of BIM is understandable. The collection of technologies/software that make 
up BIM are relatively new and likely to take some time to become confirmed as standard industry 
practice. Due to this there is likely to be even less written about BIM from an educational perspective 
as the industry itself struggles to come to terms with its implications (Nielsen, Fleming and 
Kumarasuriyar (2009). 
 
Additionally, BIM has not been specifically designed to facilitate learning. There is evidence from 
other disciplines (for example such as psychology) that learning to use technology as well as using it 
to achieve a particular educational goal imposes a heavy cognitive load on students and affects the 
learning of domain knowledge (Chen and Ismail, 2008). BIM has however been designed with 
interdisciplinary collaboration in mind. The ability of students to recognise and exploit this potential is 
of interest to this study, as is their understanding of BIM. We will return to the issue of collaboration in 
a later section of the paper. 
 
 
 
1.2 The Design Process 
 
There are varying views of the design process. Some emphasise the creative aspects of design and 
others do not. Lawson (1983) has distinguished between two main descriptions of the design process; 
those that are built from empirical research where designers are observed in the act of designing, 
versus those that are constructed from a purely theoretical perspective. Figures representing two 
possible “maps” of the design process are presented. Figure 1 shows a map of the design process 
that places some emphasis on the creative side of design through its emphasis on idea generation 
and design through conjecture which is then subjected to further analysis. 
 
  analysis   conjecture   generator 
 
 
 
 
 
 
 
 
Figure 1. A partial map of the design process (adapted from Darke, 1978, cited in Lawson, 1983). 
 
The significance of this approach is that it is built on observations of how designers work in practice. 
The next model represented in Figure 2 is an amalgam of the knowledge required by the designer 
and the products of design. However there is little acknowledgment given to creativity in this 
description of design. Furthermore, such a conceptualisation of the design process does not 
adequately represent the contribution of collaboration to “knowledge transfer” That is the ability of 
designers to learn from each other by working together.  
 
In some senses BIM has the capacity to facilitate collaboration and could potentially allow designers 
and other professionals to learn from each other. More significantly, for the purposes of this study it 
has the capacity to allow students to trial multiple designs and test the feasibility of the design from 
multiple perspectives. It can also serve as record of the history of the various design solutions and as 
a document of the ideas trialled during the design process. Whether students see the potential of BIM 
in this regard, or see it as having other influences on the design process is at issue in this study. 
Whether students have a more creative or product oriented view of the design process may influence 
their perceptions of BIM as a design tool. It may be that knowledge of how to use BIM is perceived 
more as part of design knowledge and a process that has little to do with creativity. 
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Figure 2. A model of the design process (Adapted from Logan and Smithers, 1993). 
1.3 Collaborative learning 
Collaborative learning has been defined (unsatisfactorily according to Dillenbourg; 1999) as a 
situation in which two or more people learn or attempt to learn something together. Despite the 
shortcomings of the definition in terms of its specificity with regards to the number of learners and its 
lack of clarity with regards to “learning”, it will suffice for the purposes of this study. It can be taken to 
mean, in this context, a small group of students developing skills in using BIM in the context of design. 
 
German, Soller and Muehlenbrock (2001) outline two different approaches for guiding collaboration. 
The first involves structuring the learning through manipulating the task, the software to be used, or 
the group itself, whereas the second involves structuring the way students collaborate, and could take 
the form of scaffolding and monitoring of actual interaction. It is the first type of collaboration that is of 
interest in this study. The learning environment is structured through the use of a BIM methodology 
and related software, in that students are limited in their choice of tools (Revit, Archicad, Microstation 
or Digital Project are the principle BIM software tools available). The situation is further constrained by 
the task itself, in that students are given a pre-assigned problem to work on; for instance the design of 
a particular building. The groups are structured by the lecturer/tutor – that is students do not self 
select their group. 
German, Soller and Muehlenbrock (2001) also state that this type of collaboration can facilitate 
argumentation (critical analysis and reflection) or “peer” tutoring through other methods external to the 
use of the technology. This could take the form of face-to-face interaction in the design studio work or 
via wikis, blogs or email for example. Whether students engage in such practices has implications for 
their learning – both in terms of learning to use the software and learning about design. 
1.4 The unit of study and educational environment  
This unit was run for the first time in the first semester of this year (2009).  
The unit’s learning outcomes were: 
• Have a sound understanding of the role of their discipline within the design process 
• Be familiar with the needs of the disciplines with which they need to collaborate 
• Be able to use digital design tools relevant to their discipline 
• Be able to work with file-based exchange to achieve collaborative project outcomes in a 
simulated project environment. 
 
There is an inherent assumption within the unit that students will learn through collaboration. 
However, it is also possible that students will learn primarily independently, that they will work on pre-
selected aspects of the design and “pool” there work towards the end of the project. In such an 
instance, the potential of BIM to aid in collaboration is diminished. It may be that the nature of the 
software used prevents some types of collaboration. This study will attempt to explore this side of the 
students’ learning experiences. 
It is the collaborative and design potential of BIM that are of particular interest to this study. In 
particular we are interested in exploring the students conceptualisations of BIM (what they think it is), 
how it affected their design process (if at all), and whether they recognised its potential to aid 
collaboration. 
 
 
2. METHOD 
2.1 Participants 
In order to develop a richer picture of students learning through the use of BIM, a qualitative 
research design was used that included one on one interviews with students. Five questions 
were developed based on the earlier literature review. Students were interviewed during 
tutorial time and the interviews lasted between 5-15 minutes. All 15 students enrolled in the 
unit “Introduction to Collaboration” were eligible to participate, however only 6 students were 
available on the day. 
2.2 Methodology 
The interviews were semi-structured and consisted of 5 questions:- 
1) What is BIM? (How would you describe BIM?) 
2) How did you learn to use the BIM software (Revit/Archicad etc)? 
3) How have your experiences outside this unit contributed to your learning? (e.g. other 
students, work, other units of study) 
4) What have you learnt about the process of design through your use of the software? 
5) Imagine that I am a new designer and have never used BIM software before. What would you 
say were the benefits and disadvantages of BIM if you were trying to make a case for 
whether to use it or not? 
Students were asked whether they consented to participate in the study and if they agreed to have 
the interviews recorded and transcribed. No students refused their consent. They were also advised 
that they were free to withdraw from the study at any stage. Additional follow up or probe questions 
were used in order to encourage students to provide more in depth answers to some questions. An 
interpretive approach was used to analyse students’ responses such that their variation in 
understanding or conceptualisation could be determined. The data was categorised into four main 
themes based on students understanding of BIM, their approach to learning, their understanding of 
the design process and their appreciation of the benefits and disadvantages of using BIM in practice.  
 
3. RESULTS 
 
Students’ understandings of BIM and their self identified learning process are presented in Table 1. 
The columns represent varying levels of sophistication in terms of the students’ conceptualisations or 
understandings. Their understandings could be more technically oriented – either in terms of the 
software, or its relationship to design or more holistic – indicating their acknowledgement of its impact 
on practice or the profession. Or that they adopted more diverse range of learning methods. Individual 
students may exhibit more than one level of understanding. Building Information Modelling 
In terms of how students understand BIM, their responses range from relatively naïve 
conceptualisations of BIM that focus on the purely technical aspects, to an appreciation of its 
significance for practice. This is typified in the following quotes- 
 
3.1 Students understanding of BIM 
Students displayed diverse understandings of BIM that were linked to either its technical aspects or its 
implications for design practice. 
 
Technical  
Student 1 
It’s a giant database, everything in one building and it’s 
controlled from a GUI [Graphical User Interface]. 
 
 
Holistic 
Student 5 
I would see BIM as a technological advance, a new method 
of doing what we used do in architecture for many, many 
years, so basically drawing, and now we’ve gone to the next 
level which is drawing in 3 dimensions 
 
 
 
 
 
 
3.2 How students learn to use BIM 
Students had varying experiences of learning to use BIM. Their experiences are presented in Table 1. 
These ranged from the feeling of one students that he hadn’t really learned how to use the software 
(except to do the simplest things) through to traditional conceptualisations of learning taking place in 
classrooms, through to learning through peers/colleagues. There was also a strong emphasis on 
learning to use the software through playing or experimentation. 
Traditional view of learning 
Student 4 
Through the lectures, through the classes, they show us the basic stuff 
and if we get into trouble they’ll come and help us. 
 
 
 
Practice-oriented view of learning 
Student 5 
The same hard way as everyone else – I dive in at the deep end . . . 
get myself a project to do within a set time frame and then I have to 
learn to do this by a certain stage. And then if I come up against a 
problem I will try and find a way to [do it] either through online forums 
(If I am at home) if not asking people who I know use the program in 
the workplace. 
 
 
 
 
 
3.3 The Design Process 
Students also had differing views on the affect of BIM on the design process. Although some said it 
had not affected their process, some demonstrated a critical approach to its use by acknowledging 
that BIM could be restrictive. The also had contrasting or conflicting views of the design process as 
either creative or product focused.  
For example student 1 said : 
That normally . . . you do a lot of sketching, and then create a hand built 
model for the [client] to look at it, when you’re creating a BIM model you get 
to look at different perspectives you get to take it to other software that show 
you that there are things that won’t work in the real world. 
Well I’ve always got it in the back of my mind that I can go into this software 
and make my model but I think that in some ways it restricts you as well, I 
mean I can draw this on paper but I can’t model this in a BIM program. It’s 
kind of restricting me. 
 
 
 
These quotes emphasise both the value of drawing/sketching as part of the design process (creative 
orientation) and of producing outputs to show a client (product focus).  
 
3.4 Benefits and disadvantages of BIM 
Students tended to recognise the more prosaic benefits and disadvantages of BIM. So for example, 
the technical implications of implementing BIM in a design studio were obvious in terms of the need 
for training and designers (potentially negative) attitudes to learning a new technology, as were the 
implications of integrating existing hardware or software with the new software. The possibilities of 
BIM to produce efficiencies in terms of project resources (both time and people), improved modelling 
through clash detection were also well identified. There tended to be a well identified continuum of 
benefits and disadvantages, relating from technical considerations to knowledge of how to use the 
software. Students also showed a level of critical thinking about the role of BIM. For example students 
5 and 6 said: 
 
Student 5 
The advantages would be that collaboration would be easier between the 
people in the workplace (not so much the client – they are more on the 
outside and turn up at various deadlines), if you have an interiors person 
a structures person it could be very useful. 
The disadvantages are that from what I’ve experienced it can be very 
complex, the problems are in 2 categories, those that can be solved in 2 
minutes, or blow out of all proportion. [due to incompatibilities between 
hardware and software installed in an ad hoc fashion] 
Student 6 
But the advantages outweigh the disadvantages, like efficiencies, it’s 
really easy to take the files home and bring them in and upload them. 
 
 
 
 
 
 
 
 
 
 
 
In summary it is clear that students had multiple, and diverse understandings of BIM. There methods 
of learning were not identical and depended in part on their level of familiarity with the software that 
relates to the BIM methodology and experience in industry (for example student number 5 had 
experience working in professional practice). They also showed evidence of a blended or blurred 
conceptualisation of design that acknowledged both its creative role and the product oriented role. 
Their knowledge of the benefits and disadvantages of BIM were also varied and diverse.   
 
 
 
 
 
Table. 1. Students conceptualisations of BIM, learning and the design process 
 
Category Level 1 Level 2 Level 3 Level 4 
Technical                                                                                                                                          Holistic 
Students’ conceptualisations of 
BIM 
 
BIM is a database, the 
database consists of the 
collection of information 
about a building. The 
graphical user interface 
(GUI) controls the 
application. 
A computer model of an 
actual building. All of the 
information about the 
building is contained 
within the system. 
A method for collaboration. 
It’s not just one program (software 
application); there is more than 
one application that provides for 
BIM. 
BIM is a technological 
advance, a new method for 
producing drawings; taking 
drawing from 2 dimensions 
into 3 dimensions. 
 Traditional                                                                                                                                        Practice-oriented 
How students learnt to use BIM 
 
Learning is incomplete or 
inadequate and consists of 
basic skills such as placing 
walls and windows. 
 
Learning through 
traditional modes of 
instruction e.g. lectures, 
tutorials. 
 
Learning at university and through 
playing or experimentation with 
the software. 
Learning through setting own 
project goals. 
Using online forums, asking 
other people and exploring a 
range of options. 
Design process 
 
BIM doesn’t affect the 
design process. 
BIM as an aid to 
visualisation and 
modelling.  
 
BIM as a restriction on idea 
creation and testing.  
BIM may not restrict the 
design process, it may be the 
learner’s level of 
technological knowledge that 
makes BIM seem restrictive. 
Benefits and disadvantages of 
using BIM 
The time needed for 
(re)training is a 
disadvantage. 
 
Designers’ attitudes to 
learning to use new 
software may be 
problematic. 
 
How hardware/software 
interact in design practice 
could lead to problems with 
using the software. 
Access and collaboration 
issues may be 
problematic (this may be 
due to knowledge of how 
the software works). 
 
Efficiency in terms of time 
required to complete technical 
drawings  
 
Error reduction trough clash 
detection before the building is 
constructed physically. 
 
All of the data about a project is 
stored centrally. 
Facilitates collaboration 
between project team. 
 
4 DISCUSSION 
In a previous study, Nielsen, Fleming and Kumarasuriyar (2009) found that some students were 
unable to fully comprehend the scope of BIM, this may be reflected in the current study given the 
students diverse understandings of BIM.  The students had very little difficulty in learning the software 
(Revit, Archicad and so on) but most struggled with the application of BIM as a methodology, this 
might be because of their lack of knowledge in construction or with their understandings of BIM as 
evidenced in this study. With CAD, one draws-up a graphic representation of a building while with BIM 
one needs to construct a virtual prototype of the proposed building - a process that requires 
knowledge of the construction process as well as detailing. 
Second year students have enough maturity to learn the software but lack construction and 
technology knowledge to fully understand how to construct a building. Furthermore they lack 
understanding of the role of the other design disciplines in the design/construction process. Therefore 
an alternative approach for learning would be through a collaborative studio with students from related 
fields in the construction industry such as quantity surveying, civil, structural, mechanical, electrical, 
and plumbing engineering and landscape architecture and land surveying.  
This has implications for the notion of collaborative learning, as it appears that there was very little 
collaboration taking place (in terms of learning). Students did report that they worked together on the 
project; however the nature of the software is such that it does not allow multiple users to work on the 
same part of the building at the same time. For instance students reported breaking up the tasks so 
that each group member worked on a different floor of the building they then combined their work at 
key points during the semester. Such an approach is not truly collaborative; the collaboration came 
when students attempted to make their disparate contributions blend into a project that looked like it 
had a consistent vision. It seems that the emphasis on collaboration should be on providing students 
with the skills to manage the project and on bringing the project together, since the tasks, at this point 
need to be handled separately. There was therefore only limited evidence that students engaged in 
peer tutoring as described by German, Soller and Muehlenbrock (2001). 
Having students from the different disciplines collaborating on one project might therefore prove 
difficult because of the asynchronous nature of their respective tasks; therefore a flexible on-line 
studio is proposed where students could collaborate at different stages of the design process which 
would allow them to understand the methodology of using 3D software with a BIM approach. Perhaps 
the next evolution of BIM will allow multiple users to work on the same components at the same time 
(where this is beneficial or warranted).  
Although there were no direct measures of the cognitive load placed on students whilst learning to 
use BIM software, there is indirect evidence that students without prior experience of BIM found this 
task difficult. Additionally some students have limited views of learning based on a traditional or more 
didactic approach that is teacher-centred rather than a more practice-oriented approach. In part this is 
due to the fact that few of these students were working in positions where they would be able to draw 
on the expertise of others in the workforce as they learnt to use the new software. However, what is 
interesting is that students did not frequently cite each other as sources of learning, again perhaps 
because of their limited experience with BIM; they were (for the most part) all at relatively the same 
level of unfamiliarity. 
Students also had views of the design process that did not fit either a purely creative focus identified 
in the model developed by Darke (1978, cited in Lawson, 1983) or the outcomes or product oriented 
approach identified in Logan and Smithers’ (1993) model. It appears that the task of accurately 
representing the design process is more complicated than either of these models would 
suggest. 
 
4.1 Conclusion 
This was the first time that this unit was offered in this format as a minor; the students who 
participated were mainly from architecture with two students from landscape design. Unfortunately 
students from the engineering disciplines did not participate in this unit this semester. Therefore the 
students would not have been able to fully appreciate the role their discipline within the design 
process (in relation to other disciplines) nor would they have been able to become familiar with the 
needs of the disciplines with which they need to collaborate. An analysis of the students’ comments 
shows that the learning outcomes relating to using digital design tools relevant to their discipline being 
able to work with file-based exchange to achieve collaborative project outcomes in a simulated project 
environment were achieved.  
More work is needed in order to determine the cognitive load students experience while learning to 
use new software. This could be achieved through observation of students using the software to 
complete design projects and through use of the “think aloud” protocol to explore how they interact 
with the software in a goal-oriented setting versus an exploration (experimentation and play) setting. 
Current models of the design process appear to be inadequate to capture the complexity of the task. 
They do not capture the contribution of collaboration to furthering the individual designer’s design or 
domain knowledge. Additionally, they do not isolate the contributions of the different disciplines to the 
design process. The literature tends to treat the design processes of different disciplines as distinct 
and separate. This is an area worthy of further exploration, particularly in a context where a number of 
distinct professionals contribute to the design of a building and are expected to collaborate. The 
additional benefits of such a model are that it may help to make the contributions of the different 
design disciplines more apparent to students studying in a particular discipline (for example 
Architecture).  
There is also a clear need to provide students with greater opportunities to develop a clear 
understanding of BIM methodology and to provide them with further scope for skill development using 
digital tools. This paper has provided us with a preliminary understanding of how students learn to use 
digital tools. It has also implied that there are other areas of collaboration that could be emphasised to 
students when working on design projects. 
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